Abstract Compelling evidence about the differences in the biology and behavior of invasive breast cancer between African-American (AA) and White-American (WA) women motivate inquiry into comparing the clinicopathology of non-invasive breast cancer (ductal carcinoma in situ, DCIS). AA and WA women diagnosed with their first primary DCIS between 1990 and 1999 were identified from the institutional tumor registry. Data on method of presentation, treatment, and patient characteristics were retrieved from electronic medical records. Patients were followed up through the medical records until the diagnosis of a subsequent cancer or the last day of contact with the institution. A total of 100 (29.6%) AAs and 236 (70.4%) WAs with the mean age of 60 (SD ± 13) and 57 (SD ± 12), respectively, contributed to this study. DCIS was detected during routine screening mammography for 81% (n = 81) of AAs and 88.4% (n = 206) of WAs (P = 0.073). Differences in the distributions of grade, margin status, necrosis, or treatment modalities were not statistically significant between AAs and WAs. Analysis of competing risks Cox proportional hazard multivariate modeling yielded a significant 8-year cumulative risk of a second cancer for AAs but only in the ipsilateral breast (HR = 3.96, 95% CI 1.42-11.04, P = 0.01). Despite comparable clinical presentation and treatment, 8 years after the initial treatment, AAs experienced a higher risk of second breast cancer in ipsilateral but not in the contralateral breast. The observed excess risk of a second cancer in the ipsilateral breast may suggest of intrinsic differences in the biology of cancer.
Introduction
Extensive population-based and clinical correlative studies confirm that African-American women are more likely to be diagnosed with early-onset, high-grade invasive cancers that are negative for expression of the estrogen and progesterone receptors and the HER2/neu marker [1] [2] [3] . These adverse prognostic indicators have been proposed as one of the underlying factors in the observed higher disease-specific mortality in African-American women. Few studies have reported on racial differences in histopathology and treatment outcome of ductal carcinoma in situ (DCIS) of the breast.
In 2007, the incidence of DCIS in African-Americans ages 50 and older was 90.2 per 100,000 and in white Americans 87.8 per 100,000. For younger women, this incidence was 10.6 per 100,000 for African-American and 10.6 per 100,000 for White-American women [4] . These comparable incidence rates underscore the importance of equal access to health care in closing the breast cancer disparity gap across racial lines and socioeconomic strata; however, elimination of disparity expands beyond the concept of health care access but implies identification of disease-specific risk for different sub-populations [5, 6] . Published findings comparing the treatment outcome of DCIS between African-American and White-American are inconclusive. Studies that have adjusted for pathologic prognostic indicators, i.e., size in greatest dimension, grade, or presence of necrosis have not identified significant difference in the risk of a second breast cancer [7] [8] [9] . However, excess risk of any second breast cancer in African-American women after a diagnosis of DCIS has been reported when age at the initial clinical presentation of the disease, year of diagnosis, geographic site, and treatment modality, but not for pathologic prognostic indicators, were considered [10, 11] . The compelling epidemiologic and clinical evidence about differences in the biology and behavior of invasive breast cancer and the inconclusive findings on the long-term risk difference after DCIS motivated our research team to compare the pathologic prognostic indicators of DCIS and the long-term rates of any second breast cancers between African-American and White-American women.
Patients and methods
This study, retrospective and longitudinal in design, was restricted to one institution, Henry Ford Health System (HFHS), Detroit, MI. This health care institution is a comprehensive, self contained system that is organized so that persons in the system receive every level of care from preventive and primary to subspecialty services. When a patient is first seen at any of HFHS facilities for any reason, he/she is assigned a permanent and unique medical record number and is entered into the Master Patient Index database that resides within a larger relational database. This database serves as the central repository for data on patient encounters and includes information on the date and time of service, the name of provider at the clinical encounter, the place of encounter, laboratory services data, surgical, pathology, radiology, and oncology diagnostic information.
The institutional review board at HFHS approved this study protocol (IRB 2403). This study is in compliance with the US Congress Health Insurance Portability and Accountability Act of 1996.
Study sample ascertainment A total of 750 women who were diagnosed with their first primary non-infiltrating breast cancer (DCIS) between January 1990 and December of 1999 were identified from the institutional tumor registry and were validated against medical records. The date of surgery was defined as the date of initial diagnosis. After reviewing the medical records a total of 316 women were excluded because of a concurrent or previous diagnosis of invasive carcinoma, or diagnosis of lobular carcinoma in situ or Paget's disease of the breast. Of the remaining 434 women, we were able to retrieve the diagnostic slides for a total of 336 women. Women were followed up by reviewing their electronic health records until the last date of contact with the HFHS, for any reason, or the date of a second breast cancer (Fig. 1 ).
Data collection
Diagnostic pathology slides were retrieved and two of the investigators (RS and AR), masked to the racial heritage of the women, reviewed the slides and documented the architectural patterns, nuclear grade, absence or presence of necrosis with sub-classification, margin, and multi-focality using College of American Pathologists checklist guidelines. Demographic data (date of birth and selfidentified race/ethnicity) were retrieved from the tumor registry and validated against medical records. Clinical data, (menopausal status, co-morbid conditions, height, weight, use of post-menopausal hormone replacement therapy, first degree family history of breast cancer, and method of detection) were collected from physician notes at the time of the initial consultation. Radiology data were reviewed to confirm the validity of method of detection of the cancer. For patients with missing information for height and weight at the time of consultation, we reviewed anesthesiologists' or cardiologists' notes before surgery. We had defined menopause as a minimum 6 continuous months of absence of menses. Therefore, for women who were classified as peri-menopausal, we compared their last reported date of menses with their date of surgery; if a minimum of 6-months had elapsed, then they were classified as post-menopausal. Otherwise, they were classified as pre-menopausal. We defined the treatment variables as the first course of treatment up to 4 months after the diagnosis. Surgery was characterized as mastectomy, capturing simple uni-/bi-lateral mastectomy and modified radical mastectomy, or breast conserving surgery (BCS) with the later group including segmental mastectomy, partial mastectomy, or lumpectomy.
Statistical analysis
Descriptive statistics were used to summarize demographic, clinical, and histopathology information of the women. The variable age at the time of diagnosis and lesion size, in the greatest dimension, were included as continuous variables. Body mass index (BMI) was calculated using the formula: weight (kg)/[height (m)] 2 and was considered both as a continuous and a categorical variable in regression models. BMI was categorized as BMI B 18.5 or underweight, 18.6 B BMI B 24.9 or normal/ideal body weight, 25.0 B BMI B 29.9 or overweight, 30.0 B BMI or obese. Because a small number of women (n = 5) had BMI B 18.5, the BMI categories of ''underweight'' and ''normal/ideal'' body weight were collapsed into one group for statistical analysis.
Women with bi-/uni-lateral simple mastectomy and modified radical mastectomy were classified into one group because of small number in each sub-classification. Women then were classified according to their surgical treatment into mastectomy versus BCS and whether they received radiation treatment (yes vs. no). Thus, women were classified into one of the three combined surgical and radiation treatment based on their final treatment: mastectomy, BCS with radiation, and BCS without radiation. Finally, we reviewed pathology and surgical oncology records to ascertain the number of re-excisions because of positive or negative but \1 mm margin.
We applied Cox proportional hazard statistics to estimate the longitudinal risk of any second breast cancer, stratified by race and treatment [12] . In developing the best-fitted model, we first estimated the individual effect of each variable on the outcome, any second breast cancer. Variables were evaluated because of their prognostic effect (histologic grade, calcification, margin, necrosis, and lesion size) or clinical effect (diabetes and Charlson's co-morbidity index) or demographic influence (age, menopausal status, race, and BMI). Correlations between different variables were estimated, and multi-collinearity was prevented by including in the model only variables with coefficient values of 0.7 or less [13] . Variables with a P value of \0.10 from the univariate analysis were considered candidate variables. The interaction between variables also was tested at a significant level of 0.1. Two variables, age at diagnosis and menopausal status, were highly correlated (P \ 0.001); thus, the variable age at diagnosis was included in the final model because it has more diagnostic significance. The final model contained only variables and interaction terms with P value B0.05. In our second analysis, we estimated the longitudinal risk of a second breast cancer in either the ipsi-or contralateral breast, stratified by initial treatment and by the race of women using the competing risks Cox proportional hazard modeling approach. This approach was justified because of the assumption of independence of probability progression of the first primary DCIS to ipsi-/contralateral breast. Furthermore, the risk of a second cancer in either ipsi-/contralateral breast was the outcome of equal interest in our analysis [14] . We proceeded with developing the final model as described previously; however, we were not able to include in the final model the two variables, use of post-menopausal hormone replacement therapy and Charlson's co-morbidity index because of missing values for a considerable number of women as shown in Table 1 .
In our data, one African-American and one WhiteAmerican were diagnosed with second breast cancers in both breasts during the follow-up time. We opted to remove these two women from the analysis because of the small number. All statistical tests were two-sided, and analyses were performed using SAS v. 9.2. (SAS Institute, Cary, NC).
Results
A total of 335 women of whom 29.6% (n = 100) were African-American and 70.4% (n = 235) White-American contributed to this study. The mean age at the time of initial clinical presentation of the disease for African-American women was 60 (±13) years compared with 57 (± 12.4) years for White-American women (P = 0.022) ( Table 1) . African-American women, with mean BMI of 30.0 ± 6.6 kg/m 2 , were heavier than White-Americans, mean BMI of 27.8 ± 6.7 kg/m 2 (P = 0.009) and a higher proportion of them had reported health conditions secondary to adiposity, including type II diabetes and hypercholesteremia. Use of hormone replacement therapy was more prevalent among the White-American women (P = 0.027). There were no statistically significant differences (P = 0.44) in the proportions of women who had reported a history of breast cancer in a first degree family member. The majority of women (86.2%) were diagnosed based on screening mammography. A total of 19 (19%) of African-American and 27 (11.6%) of White-American women were referred to the breast clinic by their primary care physicians either because of a palpable mass or nipple discharge (P = 0.073).
Pathologic features of the DCIS in African-American and White-American women are presented in Table 2 . Differences in the distributions of the primary prognostic indicators, margin, grade, and necrosis did not reach the level of statistical differences (Table 2) . About 45 (46.4%) African-American and 113 (48.5%) of White-American were diagnosed with high histologic grade. Necrosis was identified in lesions of 27 (32.5%) of African-American and 56 (28.6%) of White-American women (P = 0.51) ( Table 2) .
BCS was the choice of treatment for 62 (63.9%) of African-American and 146 (63.7%) of White-American Among women who had opted for BCS, a total of 67 women were offered the option of re-excision because of positive or negative but \1 mm margin. Of these, 6 (12.8%) White-American and 1 (5.0%) African-American underwent the re-excision (P = 0.341). Finally, a total of 13 (14.0%) African-American and 31 White-American (14.0%) had opted for tamoxifen adjuvant therapy (P = 0.997) ( Table 3) . The mean follow-up time for African-American women was 10.6 (±4.5) years and for White-American women was 10.4 (±4.9) years (P = 0.71). During the follow-up time, 18 (18%) of African-American and 16 (6.8%) of WhiteAmerican women experienced second breast cancers (P = 0.003). Among White-American women, 11 (68.7%) were diagnosed with invasive breast cancer and 6 (32.3%) with DCIS. A total of 8 (44.4%) African-American women were diagnosed with invasive breast cancer and with 10 (55.6%) with DCIS. The difference in this distribution did not reach the level of statistical significance (P = 0.154). During the follow-up period, 12 (66.7%) African-American women experienced a second cancer in the ipsilateral breast, 5 (27.8%) in the contralateral breast, and 1 women (5.5%) was diagnosed with cancer in her both breasts. During the same time period, a total of 7 (43.7%) WhiteAmerican women were diagnosed with ipsilateral cancers, 8 (50.0%) with contralateral cancers, and 1 woman (6.3%) in both breasts (P = 0.387). Results from the multivariate Cox proportional hazard statistics are presented in Table 4 . During the follow-up time, African-American women experienced more than 2.5-fold increased in risk (HR = 2.61, 95% CI 1.27-5.36, P = 0.01) of a second breast cancer. This risk was adjusted for treatment, marginal status of the lesion, age, and BMI at the time of diagnosis. In Fig. 2 , we have presented the race-stratified cumulative risk for any second breast cancer during the follow-up time. We did not detect any significant difference in the cumulative risk between AfricanAmerican and White-American women during the first 60 months post the initial treatment. African-American women, however, experienced an increased in risk of any second cancer 80 months after the initial treatment, with the level of this risk reaching statistical significance.
In our second analysis, using the multivariable competing risk Cox modeling approach, we estimated the risk of a second cancer in ipsi-or contralateral breasts (Table 5 ). Race was associated with an increased risk of a second cancer only ipsilateral breast. The risk of a second cancer in ipsilateral breast, adjusted for age, marginal status (negative vs. positive), method of detection (screening mammography vs. palpation) was four times higher for African-American women (HR = 3.96, 95% CI 1.42-11.04, P = 0.01) compared with White-American women. In Fig. 3 , we have presented race-stratified cumulative risk for a second cancer in ispi-and contralateral breasts. The difference in the cumulative risk of a second breast cancer between African-American and White-American women reached the level of statistical significance 8 years after the initial treatment. The age-adjusted 8-year disease-free probability in the ipsilateral breast, stratified by race and treatment, for women with negative margin status is presented in Fig. 4 . African-American women who were treated with BCS without radiation had the lowest while White-American women treated with BCS with radiation had the highest disease-free probability. The disease-free probability was similar for African-American women treated with BCS with radiation and White-American women treated with BCS without radiation.
Discussion
The difference in the long-term risk of a second breast cancer between African-American and White-American women after the treatment of the first primary DCIS has been studied; however, findings have been conflicting due to several factors such as geographic location, institutional variations in sources of data, and inadequate follow-up time [7] [8] [9] [15] [16] [17] . The patients in this study were diagnosed and treated by practitioners and procedures and policies within one single medical group. Our findings of comparable pathologic prognostic indicators between African-American and White-American women concur with previous reports [7] [8] [9] [10] . However, this observation contradicts the overwhelming evidence that African-American women are diagnosed with more aggressive clinical and biological behavior of invasive breast cancer [2, 3, 18] . Most likely this reason is multifold. First, socioeconomic status and access barriers to health care may be one reason [19, 20] . More than 80% of the African-American and WhiteAmerican women who contributed to this study were diagnosed with DCIS during their routine annual screening mammography. It is well accepted that tumors detected during screening mammography have more favorable pathologic prognostic indicators. Second, breast cancer in older women, generally, is considered as sporadic with more favorable histopathologic features. African-American women who contributed to this study were older with the majority was diagnosed at age 59 years. Despite similar pattern of method of presentation of cancer and histopathology of cancer, our data suggest that African-American women in this sample experienced higher risk for a second ipsilateral breast cancer relative to White-American women. Lower screening mammography utilization by African-American women, delayed in surgery after the diagnosis of DCIS, and omission of radiation therapy for a higher proportion of African-American relative to White-American have been reported [21, 22] . In the sample of women in our study, about 80% of AfricanAmerican and White-American women were diagnosed with DCIS during their annual screening mammography, suggesting equal access to screening. The study sample was insured through the capitated payment method (HMO health insurance), which may account for the comparable proportions of mammographically detected DCIS and histopathologic features between African-American and White-American women. Similar rate of annual screening mammography between African-American and White- American women in other HMO settings also has been reported [23] . Furthermore, we did not find treatment disparities. In fact, the proportion of African-American women who had for radiation therapy following BCS was slightly higher. Yet, results from our analysis revealed that African-American women were at increased risk for a second cancer in the involved breast. The widening racial disparity in breast cancer treatment out come in African-American women has been attributed to calendar time period, suggesting differential access to more novel and effective medical interventions [24] . Historically, breast cancer has been viewed as a uniform and hormonally responsive disease and, therefore, clinical and therapeutic interventions, i.e., tamoxifen, were developed accordingly [24] . Women who contributed to this study were diagnosed with DCIS between 1990 and 1999, during the time period when the assessment of these markers were not recommended for diagnosis of DCIS and consequently were not components of patient care policies and clinical procedures. Limitations of clinical data do not permit making any statement about the underlying molecular perturbations and their potential contribution to the observed higher risk of a second in African-American women although others have reported that the triple-negative subtype is identifiable in DCIS [25] .
Positive or close margins also have been reported to increase the risk of ipsilateral recurrences [26, 27] . In our study, we did not include the extent or the number of or the location of positive margins. Because of the small number of women with multifocal and extensive positive margin status, margins were dichotomized as either negative or positive. There is no consensus about the definition of negative margin [28, 29] and we applied the same College of American Pathologists diagnostic criteria to classify margins as either positive or negative; we do not expect differential misclassification of women since the two investigators who reviewed the diagnostic slides were masked to the racial/ethnic heritage of the women. In addition, surgical treatment and omission of radiation therapy also have been reported as important predictors for a second breast cancer [27] . In our analyses, we stratified African-American and White-American women by the type of surgery they received and whether or not they received radiation therapy and tamoxifen. However, for every stratum of treatment, African-American women experienced an elevated risk for a second cancer in ipsilateral breast relative to White-American women.
In a recent communication, Kreiger et al. [30] using US national cancer registry data demonstrated that the observed high ratio of estrogen receptor negative in African-American women relative to White-American women is a reflection of temporal changes in the use of postmenopausal hormone. The authors have argued that difference in the biology of breast cancer between AfricanAmerican and White-American women should not be assumed as fixed and a reflection of intrinsic biological differences. We certainly do not deny the influence of postmenopausal hormones on the incidence ratio of estrogen receptor positive to estrogen receptor negative tumors. However, estrogen receptor is one of the many markers that have been applied to genetically classify breast cancer into different subtypes [31] . Several reports confirm that the prevalence of basal-like subtype of breast cancer is higher in African-American women [1, 18, 32] . Also, the assertion of the higher prevalence of basal-like breast cancer in African-American should not be equated to or assumed as absence of the likelihood for the other subtypes of breast cancer [21] . We agree with the authors' statement that the societal conditions shape the expression of observed biological characteristics, as it is well demonstrated by the higher prevalence of BRCA1 and BRCA2 breast cancer in Ashkenazi Jewish women. Consanguinity and intra-ethnic marriage, neither exclusive to one group nor to one culture, increases the probability for the aggregation of genetic perturbations and the phenotypic expression of such changes. Finally, the spectrum of genetic characteristics of complex diseases such as breast cancer has not been completely understood.
Our study has several strengths; first, all women were diagnosed and treated in one comprehensive health care system by the same group of practitioners under the same policies and procedures, therefore reduced the potential confounding effect of geographic differences and data variation. Second, because women were insured through the same HMO health insurance influence of access to screening mammography and delay in diagnosis of cancer was reduced. Our study has several limitations. First, because women were diagnosed at the time when evaluation of hormone receptors and HER2 biomarkers was not a component of standard diagnostic requirement, diagnostic data on these markers were not available. In addition, our dataset was limited in distinguishing the true recurrence from a second primary breast cancer in the ipsilateral breast. Finally, because of the relatively small sample size, we dichotomized marginal status into positive and negative; therefore, we could not assess the extent or the number of or the location of positive margin on the risk of a subsequent second cancer in ipsilateral breast.
In conclusion, our results suggest that African-American women experienced a higher cumulative risk for a second cancer in the ipsilateral but not in contralateral breast. This excess risk in the ipsilateral was observed despite similar clinical presentation, histopathology, and treatment. Understanding the molecular markers of DCIS should shed further light on the underlying reasons for the observed excess risk.
